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Abstract. The content of known tetra- and pentacyclic diterpenoids in extracts of sunfl ower (Helianthus annuus 
L.) dry wastes has been studied using different solvents for extraction. It was established that the largest extracted 
quantity of ent-kaur-16-en-19-oic acid is obtained when ethanol and diethyl ether are used for extraction of the plant 
material.
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Introduction
The scientifi c interest for tetracyclic diterpenic ent-kaur-16-en-19-oic (1a) and 15-angeloyl-ent-kaur-16-en-19-

oic (2a) acids, as well as for pentacyclic ent-trachiloban-19-oic acid (3a) can be explained by their broad spectrum of 
biological activities.

The ent-kaur-16-en-19-oic acid (1a) is an intermediate in the biogenetical scheme of gibberellic acids, which 
are relevant plant growth regulators [1]. Compound (1a) was isolated from different vegetal sources, especially from 
sunfl ower (Helianthus sp). [2-12]. We have achieved isolation of acids 1a–3a from the integral sunfl ower (Helianthus 
annuus L.) dry wastes [13, 14].
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It is noteworthy to mention, that ent-kaur-16-en-19-oic acid (1a) was reported as an inhibitor of protein tyrosine 
phosphatase 1B (PTP1B) and was used as remedy for treatment of type 2 diabetes and obesity [15]. It also showed 
selective and signifi cant cytotoxicity for MCF-7 [16], SF-268, MCF-7 and HepG2 cell lines [9], and exhibited inhibitory 
activity against the enzymes prolyl endopeptidase (PEP) and thrombin [17]. Compound (1a) showed the antifungal 
activity on Botrytis cinerea [18] and especially against COX-2 with an IC50 of 127.6 μM [19]. ent-Kaur-16-en-19-oic 
acid (1a) possesses the anti-Alzheimer and antioxidant effects [20] and showed a remarkable inhibitory activity against 
mutans streptococci: Streptococcus mutans Ingbritt 1600, S. mutans OMZ175, S. mutans P20, S. mutans P6, S. mutans 
D1), S. sobrinus 6715, S. sobrinus P7, S. sobrinus S2, S. sobrinus S17), S. cricetus HS-6, S. cricetus P12, S. cricetus S2 
and S. cricetus S38 [21]. Acid 1a had strong inhibitory effect on the proliferation of human liver cancer (HLC) cell lines 
[22, 23], is genotoxic and mutagenic in human peripheral blood leukocytes (PBLs), yeast (Saccharomyces cerevisiae) 
[24], was cytotoxically active (ED50 = 17.4 μg/mL against HCT-15 COLADCAR, ED50 = 15.5 μg/mL against UISO-
SQC-1 and ED50 = 19.5 μg/mL against OVCAR-5) [25]. ent-Kaur-16-en-19-oic acid (1a) inhibited acute carrageenin- 
and PGE2-induced and chronic CFA-induced infl ammatory mechanical hyperalgesia [26] and possess the antimicrobial 
effects against Bacillus cereus and Mycobacterium tuberculosis [27].

15α-Angeloyl-ent-kaur-16-en-19-oic (angeloylgrandifl oric) acid (2a) was isolated from aerial parts of Helianthus 
debilis [11, 28], from aerial parts of H. simulans [11], from H. giganteus and from H. angastifolius [29]. This compound 
was isolated from the infl orescence of H. annuus L. [9], from fresh leaves of H. annuus cv. SH-222 [8] and from the 
sunfl ower (H. annuus L.) dry wastes [14].
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15α-Angeloyl-ent-kaur-16-en-19-oic acid (2a) showed weak antifeedant activity [6], also it is a spontaneous 
uterine contraction inhibitor (SUCI). In vitro bioassay proved that angeloylgrandifl oric acid (2a) inhibited the spontaneous 
contractions of guinea pig uterine strips (SUCI+) at a concentration of 1.2 μg/mL [30]. This compound showed cytotoxic 
activities on SF-268, MCF-7 and HepG2 cell lines [4], was cytotoxically active (ED50 = 17.4 μg/mL against HCT-15 
COLADCAR, ED50 = 15.5 μg/mL against UISO-SQC-1 and ED50 = 19.5 μg/mL against OVCAR-5) [25].

ent-Trachyloban-19-oic acid (3a) was isolated from sunfl ower (Helianthus annuus L.) [2, 13, 31, 32], from roots 
of Iostephane heterophylla (Asteraceae) [33], from the stem barks of Croton robustus. [34], and from the hexane extract 
of Xylopia sericea [35]. The thujanol ester of ent-trachiloban-19-oic acid (4) was isolated from sunfl ower (H. annuus L.) 
[36, 37]. The absolute stereochemistry of ent-trachiloban-19-oic acid (3a) has been established by X-ray analysis [31], 
its biotransformation was studied using Rhizopus stolonifer [35].

Methyl trachyloban-19-oate (3b) exhibited weak cytotoxic activity against gastric carcinoma and colon carcinoma 
with ED50 of 9.6 and 9.1 μg/mL, respectively [34]. ent-Trachyloban-19-oic acid (3a) displayed signifi cant in vivo anti-
infl ammatory activity [32] and it was investigated on several photosynthetic activities in spinach thylakoids. Acid (3a) 
acts as Hill reaction inhibitor. Compound 3a did not affect photosystem I activity but inhibited uncoupled photosystem 
II electron fl ow from H2O to DCPIP, and has not effect on electron fl ow from H2O to SiMo, indicating that the site of 
inhibition of this compound is at the level of QA–QB [33].

Results and discussion
Because of diterpenoids 1a-3a potential practice interest, we have investigated extracts obtained from sunfl ower 

(Helianthus annuus L.) dry wastes by their extraction with different organic solvents. Before we reported its extraction 
with diethyl ether, but here are inconveniences connected to the use of this solvent (highly fl ammability and volatility). 
For this reason we decided to consider following solvents for this purpose: petroleum ether, dichloromethane, acetone, 
ethanol and toluene. Diethyl ether was used as reference.

In all cases the same amounts (100 g) of dry plant material were extracted, with the same volume (750 mL) 
of solvents. The extractions were performed in a Soxhlet apparatus for 10 consecutive cycles. After solvent removal, 
all crude extracts were weighted (see Table 1) and divided into neutral and acidic part. For easier identifi cation and 
quantifi cation of the components by GC-MS analysis, each acidic part was treated with ethereal solution of diazomethane 
leading to diterpenic methyl esters 1b-3b (Table 1).

Table 1.
The relative content of diterpenic esters (1b-3b) in extracts of sunfl ower (Helianthus annuus L.) 

dry wastes.

Entry Solvent*
Extract weight 

(g)**

Acidic part 

(g)

Diterpenic acid methyl esther relative content *** (%)

Methyl ent-kaur-
16-en-19- oate 

(1b) 

Methyl 
15α-angeloil-ent-

kaur-16-en-19-oate 
(2b)

Methyl ent-
trachiloban-19- 

oate (3b) 

1. Petroleum ether 1.583 0.839 8.0 0 1.0
2. Dichloromethane 2.572 1.261 12.0 0 2.0
3. Acetone 3.138 1.568 17.0 0.5 4.0
4. Ethanol 5.043 2.571 21.0 1.0 6.0
5. Toluene 2.820 1.466 17.0 0.5 5.0
6. Diethyl ether 5.082 2.592 22.0 0.5 8.0

* A volume of 750 mL of solvent was used. 
** The extract weight obtained from 100 g of sunfl ower dry wastes. 
*** Determined on the basis of GC-MS data. 

GC-MS analyses have been recorded on an Agilent 7890A Gas Chromatograph with 5975C Mass Selective 
Detector (GC-MSD) equipped with split/splitless injector and HP-5ms capillary column (30 m/ 0.25 μm). The results of 
diterpenoids (1b-3b) chromatographic and spectral (MS) identifi cation are presented Table 1 and were compared with 
those obtained before [13,14].

According to these data the predominant component of all extracts is ent-kaur-16-en-19-oic acid (1a). The largest 
quantities of this compound were found in diethyl ether and ethanol extracts, 22 and 21% respectively, and lowest in 
petroleum ether extract (0%). The highest content (1%) of 15α-angeloil-ent-kaur-16-en-19-oic acid (2a) was detected 
in the ethanol extract, while the ent-trachiloban-19-oic acid (3a) showed the highest content (8%) in the diethyl ether 
extract.
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In such a way, considering the results presented in Table 1, we came to the conclusion that the most recommended 
solvent for effi cient diterpenoids 1a-3a extraction is ethanol, which is environmentally friendly, industrial applicable and 
less fl ammable then diethyl ether.

Conclusion
The content of known tetra- and pentacyclic diterpenoids in extracts obtained from sunfl ower (Helianthus annuus 

L.) dry wastes using different organic solvents has been studied. It was established that the largest quantity of ent-kaur-
16-en-19-oic acid is obtained when ethanol and diethyl ether are used for extraction.
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